of radioactive tracer. Am. J. Physiol.
Ig6 (2) The pool system to be treated, as shown in figure I , includes all possible interconnections and routes of ingress and egress. By suppression of various channels of Aow so that the corresponding constants are zero the general model can be converted into one of many restricted forms such as are illustrated in figure 2 . Setting all values of ingress and egress to zero gives a closed model. General solutions for the model under consideration have been developed in the brilliant matrix treatment of Berman and Schoenfeld (2) . The actual analysis of experimental data by matrix methods, however, becomes complex, especially in cases where the number of measurable parameters is smaller than the number of variables.
In such an instance the computational effort may be prohibitive.
In the present analysis an alternative direct method of obtaining the solution is carried through to the point at which only algebraic operations are necessary on the part of the experimenter. that the solutions become approximations to the actual behavior.
In the most general mathematical treatment the assumptions 3 need not apply, i.e. the total inflow k;j of labeled and unlabeled material into a compartment need not be equal to the total: outflow (pool sizes inconstant).
The Qi of equations 3 would then be replaced by Q(t). The treatment of this is not pursued in the present paper.
SOLUTION OF EQUATIONS
Using Laplace transforms, it may be shown that when no two gi are equal the solution of equations r for the injection of a quantity 410 of radioactive material att = o into the first compartment are:
q1/q10 = Hle--glt + H2e-gzt + H3e-gst
where 51 -w ,; = (g2 -RI) (g2 -gs)rr, -g22 + c,g2 = c2 Go>
Equations 8 now become: 
If either r2 and 13 or 14 and r5 are used with or, the latter becomes simpler algebraically; if both are used, all equations become linear. As in compartment I it is evident that only two of the three equations implied in each of 6 and 7 are independent. The specific activity-time curve in compartments 2 and 3 will be zero at t = o, rise to a maximum, and decline exponentially. Numerical work may be lightened by exercising ingenuity in the selection of the variables which will serve as parameters.
After the complete solution has been obtained, the condition requiring that no Xij or Qi has a negative value is applied. This delimits areas in which the parameters may take their values. In the typical case, some of these last conditions include and are more stringent than others, so that the final results may depend upon only a few of the conditions of non-negativity.
EXAMPLES OF USE OF EQUATIONS
A. Strictly Determinate Models I. Three comj.?artments in line, with external flow. One of the more common models used in the analysis of the flow of tracer materials in biological systems is the scheme of three compartments in line. Although this is sometimes treated as a closed system, without flow to or from the model (3), biological systems frequently include components of turnover or replacement. Such a model, figure 2A , will be treated here. We assume physiological steady state and that measurement of activity can be made only in Qr where the initial activity, q 10, is injected.
Under these conditions there are eight unknowns:
Qz, Q3 and 11, X 21, X12, X23, X32, Xg3. The other Ji and Xii are zero. To solve for these eight, there exist the three boundary conditions 3, and the five expressions of 9, rb and II, so that the problem is completely determinate. Inserting the value of zero for the appropriate variables in the general equations, therefore, the eight equations are : Using the values (table ~4) of the variables, one may now compute the K'i and the Li, and therefore the timewise course of specific activity in the second and third compartments. Figure 3A shows the specific activity in all three compartments semilogarithmically as a function of time.
2. One reserve compartment. The model used here is that of figure a& with 13 and X 03 equal to zero. In this case, the unknowns to be determined are:
With the same two assumptions as in the first example, the equations available for solving the model are: fig. 3B ) is excessively large, and its specific activity-time curve is markedly divergent from that of pool r. Figure 4 indicates the variation in the size of compartments 2 and 3 as g 2 varies while g 1 and g3 remain fixed. This graphically predicts the uncertainty in Q2. and Q3 resulting from errors in estimate of g2. The two strictly determinate models computed above from the same set of experimental data both show sets of values which, under many circumstances, would be considered reasonable.
En general, the fact that the experimental data provide reasonable values for one assumed model is not acceptable as proof that the model is the correct one. Before such a conclusion can be drawn, it would be necessary to examine the values obtained for a number of models, and to incorporate any additional information such as reasonableness from the point of view of physiological and chemical processes.
B. Indeterminate Models
Only one example is necessary to exhibit the method of using the data. The previous model will be used, including the inflow and outflow at the third compartment, as shown in figure 2B . If measurements of specific activity can be made only in the first compartment, there are I o unknowns, namely 6 Xii, 2 Ii, Q2 and Q3, but only 8 experimental data to fix the variables. The two parameters chosen will be defined as -
